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Abstract 
We demonstrate the magnetization reversal in magnetic tunnel junction (MTJ) spin-valves (SV) based on thin films 
and nanowires. We show the change of coercive force and magnetization direction of the soft magnetic layer at 
transition from a continuous film to a laterally confined nanostructure formed by focused ion beam technique. We 
discuss the possible mechanisms of coercivity and magnetic anisotropy transformations in nanowire spin-valves. 
Micromagnetic simulation of spin configuration gives the stripe domain structure in the soft layer of the nanowires, 
which defines magnetization reversal mechanism via domain wall displacement. SVs based on the continuous thin 
film have tunnel magnetoresistance (TMR) ratio about 20%, which is suitable for emerging nanoelectronic 
applications. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Guest Editors of 
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1. Introduction 
The study of single layer and multilayered magnetic nanostructures is very attractive for scientists due 
two reasons. Firstly, these structures can be used in nanoscale devices such as read head in hard drives, 
magnetic field sensors and pressure gauges [1]. Secondly, magnetic nanostructures are suitable for 
quantum phenomena investigation (giant magnetoresistance, planar Hall effect, spin transfer torque) [2]. 
* Corresponding author. Tel.: +7-902-489-9292; fax: +7-432-243-2315. 
E-mail address: asamardak@gmail.com. 
 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of Publication Committee 
of ASCO-NANOMAT 2011 and Far Eastern Federal University (FEFU) Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
124  A.S. Samardak et al. / Physics Procedia 23 (2012) 123 – 1272 A.S. Samardak et al./ Physics Procedia 00 (2011) 000–000 
From practical point of view, MTJs have many advantages to be in use in nanoelectronics in comparison 
with giant magnetoresistance structures. MTJs possess high resistivity and tunnel magnetoresistance ratio, 
providing high-level outputs [3]. A magnetic memory chip based on MTJs has already been realized [4], 
but few technical obstacles are remained. The main purpose of this paper is to study the micromagnetic 
structure, magnetic anisotropy, coercive force and magnetoresistance of continuous (film) and laterally 
confined (nanowire) spin-valves based on magnetic tunnel junctions with MgO barrier layer. 
2. Experiment 
The films Ti(30)/Au(250)/Co(20)/MgO(2)/[Co(0.4)/Pt(0.8)]5/Au(3) were fabricated on natural 
oxidized single crystal Si square substrates (1 × 1 cm2) with an electron-beam deposition system in base 
vacuum 10-7 Torr. The layers’ thickness is shown in nanometers. The top Au layer is exploited as a cap 
layer to prevent metal oxidation. Focused ion beam (FIB) technique was used to produce nanowires with 
5 µm length and 400 nm width. The surface morphology of samples was studied with atomic force 
microscope (AFM). Hysteresis curves were obtained by longitudinal magneto-optical Kerr effect and 
vibrating sample magnetometer (VSM). 
3. Results and discussion 
The VSM measurements indicated that our films possess an in-plane magnetic anisotropy only. To 
demonstrate spin-valve behaviour and spin-dependent tunnelling in the MTJ films, we measured its 
magneto-transport properties [5]. The difference between the coercive forces of soft and hard layers 
allows to easily form the parallel and antiparallel magnetization states by changing an external magnetic 
field. This is the essential property of a spin-valve structure. Due to the spin-dependent tunnelling, the 
TMR curves display a peak, indicating the maximum value of TMR ratio. The longitudinal and transverse 
TMR ratios are 20% and 17%, correspondingly. The same measurements are difficult to realize in single 
nanowires, but we expect near the same value for magnetoresistance.
To study an effect of laterally confined MTJ spin-valve we fabricated the nanowire array from the film 
using FIB technique. The nanowires were 5 µm long and 400 nm wide, Fig.1(a). Nanowires were aligned 
along easy axis of the hard magnetic layer of the film. The drawback of FIB nanofabrication is defect 
formation on sample edges, Fig.1(a). This can effect on magnetization reversal and micromagnetic 
structure of nanowires [6]. 
To compare magnetic properties of the film and nanowires we measured its hysteresis loops with 
magneto-optical Kerr effect, Fig.1(b). The characteristic steps on the hysteresis loops prove the spin-valve 
nature of our samples. Due to the different coercivity of soft Co(20nm) and hard [Co(0.4nm)/Pt(0.8nm)]5
magnetic layers in MTJ film, the magnetization switching occurs at varying applied magnetic fields. As 
seen in Fig.1(b) there are two mechanisms of magnetization switching in films: spin-flip in the soft layer 
at low magnetic fields (30-35 Oe) and incoherent magnetization rotation following domain wall 
displacement in the hard layer at higher applied magnetic fields. In nanowires the difference between the 
coercivity  of  soft  and  hard  layers  is  not  so  obvious.  There  is  a  step  on  the  hysteresis  loop  at  applied  
magnetic fields r220 Oe corresponding to magnetization switching in the hard layer. The larger value of 
the coercive force of the soft layer in nanowires in comparison with the film can be explained by strong 
pinning field due to shape anisotropy and defects of nanowire’s shape. 
To study magnetization reversal in MTJ nanowire, we simulated spin configuration in magnetically 
hard [Co/Pt]5 and soft Co layers using OOMMF software (http://math.nist.gov/oommf/). We used 
following parameters: for [Co/Pt]5 - Ms = 1550 emu/cm
3, K =  106 erg/cm3 and for Co - Ms = 1400 
emu/cm3, K = 5×105 erg/cm3. We neglected an exchange coupling between layers, because thickness of 
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MgO layer was 2 nm. In [7] it has been shown that maximum of an indirect exchange coupling (IEC) was 
observed at MgO thickness 0.65 nm and at the thickness higher than 1 nm the value of IEC is near zero. 
In case of the nanowire the simulated hysteresis loop is in a good agreement with the experimental curve, 
Fig.1(b). The values of the magnetization switching and saturation magnetization fields are near the same 
in case of theory and experiment. 
Fig. 1. (a) SEM image of MTJ nanowires fabricated by FIB. The width of the wires is 400 nm and the length is 5 µm. (b) Hysteresis 
loops along easy axis of MTJ film (black squares) and nanowire: experiment - red circles, simulation – blue stars. 
Micromagnetic modelling provides considerable insight into the mechanisms that determine the 
magnetic properties of multilayer structures. The spin configurations in hard and soft layers are shown in 
Fig.2. These magnetization states were captured at the magnetic field corresponding to the coercive force 
of the soft layer. In magnetically hard layer spin distribution demonstrates magnetized state, Fig.2(a). 
Magnetically soft layer is in demagnetized state with stripe domain structure, Fig.2(b). As seen in Fig.2, 
layers are coupled by magnetostatic interaction. There are a few magnetic vortices in the soft layer. These 
vortices induce local out-of-plane deviations of in-plane magnetization in the hard layer. We analysed 
data for soft layers presented in Fig.1(b) and Fig.2(b) and found that in the continuous film the 
magnetization reversal was caused by the spin-flip of magnetization [5], while in nanowires the latter was 
due to the domain wall displacement. This explains the significant difference in the shapes of hysteresis 
loops (Fig.1(b)). 
(a)
(b)
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Fig. 2. (a) spin configuration in magnetically hard [Co/Pt]5 stack; (b) domain structure in soft Co layer. 
The polycrystalline layers of Co and [Co/Pt]5 had an uniaxial magnetic anisotropy. The easy axis was 
caused by the shape anisotropy. We calculated energy of shape anisotropy as Es=El-Ed, where El is the 
magnetostatic energy in case of parallel alignment of an applied magnetic field H along the long side of 
nanowires with length l, Ed is the magnetostatic energy when magnetic field is aligned along short side 
with width d. The magnetostatic energy can be defined as EN=0.5HNMs, where HN=NMs is the 
demagnetized field, N is a demagnetizing factor in dependence on the direction of external magnetic field 
relatively nanowire’s sides. To evaluate N in cases of ɇ || l and H || d, we approximated the nanowires by 
shape of an ellipsoid. For the soft magnetic layer we have found that Es | 6u106 erg/cm3 at following 
parameters: Ms = 1400 emu/cm
3, l = 5000 nm and d = 400 nm. At 20 nm thickness of soft magnetic layer 
the  Neel  domain  walls  with  width  can  be  defined  as  į =  ʌ(2A/Es)
-1/2, where Ⱥ =2u10-6 erg/cm is an 
exchange constant for fcc-ɋɨ, separated magnetic domains. The evaluation showed that for Co nanowire 
į | 10 nm. Thus, the domain wall width is very small in soft magnetic nanostructure. This is the reason 
why we could not observe spin rotation in the domain walls in Fig.2(b).  
We studied an angular dependence of coercive force for both magnetic layers at room temperature. 
The dependences Hc=f(Į) for the film and nanowires, Į is an azimuth angle (this angle was chosen 
between one side of the square sample and the direction of an applied magnetic field), were measured 
with the longitudinal magneto-optical Kerr effect, Fig.3. In the film the coercive force of the hard 
magnetic [Co/Pt]5 multilayer stack Hc is 350 Oe and for bottom soft magnetic Co layer Hc is 35 Oe. As 
shown in Fig.3, the minimum value of Hc repeats itself every 180
ɨ. At the same time, the easy axes of soft 
and hard magnetic layers in the film are displaced on 90° relatively to each other. This behaviour of the 
coercivity was explained in Ref.5. In case of nanowires the easy axes of both magnetic layers directed 
toward their long side due to initial film condition and shape anisotropy. In other words, the easy axis of 
the  soft  layer  in  nanowires  aligned  perpendicular  to  the  easy  axis  of  soft  layer  in  the  film,  Fig.3.  This  
behaviour explains the higher value of the coercive force of the soft layer in nanowires than in the 
continuous film. 
Fig. 3. The coercive force as a function of the azimuth angle. Filled and blank squares indicate the value of Hc of soft and hard 
layers of the MTJ film, correspondingly. Filled and blank circles represent Hc of soft and hard layers of the nanowire, 
correspondingly.  
(b)(a)
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4. Conclusions 
We have studied magnetic properties of films and laterally confined MTJ spin-valves. Magnetization 
reversal in nanowires had different mechanisms than in the films due to confined geometry. It defined the 
difference in the switching fields for the soft layers in both systems. We have ascertained that FIB 
technique is suitable for fabrication of nanostructures with various geometries to control magnetic 
anisotropy in individual magnetic layers. It opens the way to novel nanoscale devices for needs of 
nanoelectronics and spintronics. 
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